Partition coefficients were determined for halothane in various rabbit tissues after about five hours anaesthesia. After correcting for the fall in haematocrit which occurred during the experiments the mean blood/gas coefficient was 3.94. Except in the case of skeletal muscle the tissue/blood coefficients differed significantly from unity: brain 1.55, heart 2.74, kidney 1.75 and liver 2.26. The differences between the tissues were highly significant. Differences between animals were large but mainly unsystematic. The 95% confidence limits for tissue/gas coefficients in the population were + 32% -24%. There was also variation between individual 1-to 2-ml samples of the same tissue: the 95% confidence limits for such samples were of the order of +20% of the mean for liver, and +50% of the mean for heart, kidney and muscle.
In the course of experiments designed to compare in-vivo and in-vitro partition coefficients for halothane, results were obtained for six tissues in each of six New Zealand White rabbits. For reasons given in reporting the results of a similar study with nitrous oxide and cyclopropane (Mapleson, Evans and Flook, 1970) it is of value to examine the variability of the results, in order to determine to what extent it is possible to estimate the partition coefficient for a particular tissue in a particular individual, without actually measuring it in-vivo.
METHODS
The details of the experimental method are given in a companion paper (Steward, Mapleson and Allott, 1972) and in Allott, Steward and Mapleson (1971) . In brief, the rabbits were anaesthetized in such a way as to maintain the end-tidal concentration constant at some level in the range of 0.84 to 0.92 per cent halothane. At the end of about five hours the animals were sacrificed and samples of blood, brain, heart, kidney, liver and skeletal muscle were removed for determination of their halothane content, and hence their in-vivo tissue/gas partition coefficients. Further samples of each tissue were homogenized with saline and equilibrated in a rotating tonometer with similar concentrations of halothane to yield in-vitro tissue/gas partition coefficients.
The statistical techniques used to analyse the results were taken from Davies (1957) .
RESULTS
The full set of observed tissue/gas and blood/ gas partition coefficients is given in table I. For reasons given in the companion paper, all the main statistical calculations were performed on the logarithms of the coefficients.
A three-way cross-classification analysis of variance in the companion paper separated out the several sources of variation as follows.
(i) There is no significant difference between the in-vivo and in-vitro techniques overall, but there is a significant tissue-technique interaction. As was shown in the companion paper this was due to significant differences between techniques for brain and heart with no significant differences for the other four tissues.
(ii) There are significant differences between tissues, even when referred to either the tissue-technique or tissue-animal interaction (see below). Therefore it is worth calculating separate means for each tissue.
(iii) There is a significant tissue-animal interaction. This means that there are real differences between animals (greater than can be attributed to experimental error) but these differences are not systematic over all the tissues. That is to say that, if a given animal has a higher-than-average coefficient for one tissue, then the coefficients for the other tissues are not, in general, equally far above the averages for those tissues. Therefore the variability of each tissue must be assessed separately.
(iv) The between-animal variation is significant, even when referred to the tissue-animal interaction. This means that, despite the above remarks, a high coefficient for one tissue in an animal does to some extent imply high coefficients for the other tissues.
This last finding suggests that, in an individual, tissue/gas coefficients for halothane may be predictable to a useful extent from the more easily measured blood/gas coefficient. Therefore the results are expressed in terms of tissue/blood coefficients as well as of tissue/gas coefficients (table II) . In the light of the other foregoing findings the results, for each type of coefficient, are expressed in terms of the mean coefficient for each tissue with confidence limits of the mean and of the population.
In calculating the means a problem arises in respect of heart and brain for which there were significant differences between the results of the two techniques. In the companion paper it was shown that these differences may have been real, in which case the in-vivo coefficients are to be preferredexcept that the heart samples contained some surface fat and therefore gave a coefficient higher than that to be expected for cardiac muscle. However, the companion paper also showed that the difference might instead be attributable to experimental errors in such a way that the in-vitro coefficient is to be preferred for both heart and brain. We have chosen to prefer the in-vitro coefficients. Therefore, with heart and brain, we have corrected the individual in-vivo coefficients by the mean of the vitro-vivo differences for each of these tissues. In case the invivo coefficients should be preferred the appropriate corrections are given in the footnote to table I. Details of the statistical methods used are given in the appendix and the results in table II. Table II also includes a "corrected" set of tissue/ blood coefficients the basis for which is as follows. The haematocrit fell during the experiments perhaps owing, at least in part, to the infusion of Hartmann's solution; the extent of the fall ranged from 1.7 to 10.5 per cent. There was a highly significant (P=0.005) linear regression of blood/gas partition coefficient (measured on samples drawn at the end of the experiment) on this fall in haematocrit. The regression coefficient (-0.125/per cent haematocrit fall) was used to calculate for each animal what the blood/gas coefficient would have been at the beginning of the experiment, before any haemodilution had occurred. These corrected blood/gas coefficients (mean 3.94) should be more representative of normal values in the rabbit than those which we happened to measure after varying degrees of haemodilution. They were therefore used to calculate a corrected set of tissue/blood coefficients.
In an early series of experiments two in-vivo samples of each tissue were taken directly from the animal to the extraction phials; in the present series, for most tissues, a single large sample was crushed in liquid nitrogen and the fragments well mixed before being divided into an in-vitro and two in-vivo samples. Although care was taken to obtain apparently similar duplicate in-vivo samples in the early series, the variances between the in-vivo phials were six to nine times larger than in the present series. Since there was no systematic difference between the two series in the variance between duplicate in-vitro phials, the in-vivo between-phials variance in the early series provides an estimate of the variation between adjacent 1-to 2-ml portions of a given tissue. From these variances we estimate the 95 per cent confidence limits for a single 1-to 2-ml portion of tissue to be of the order of ± 20 per cent of the mean for liver and +50 per cent for heart, kidney and muscle.
DISCUSSION

The present results.
The range of variation of partition coefficients between tissues (table II) is much greater than for nitrous oxide or cyclopropane (Mapleson, Evans and Flook, 1970) . The variation is by a factor of more than 3:1 instead of only 1.3:1 or 1.7:1. On the other hand, the range of variation between animals is of the same order as that found in the study of cyclopropane and nitrous oxide. This may in part be due to the use of a single strain of rabbit, New Zealand White, in the halothane study.
As was the case with nitrous oxide, none of the variation in the last pair of columns in table II should be attributable to experimental error since the statistical treatment has allowed for this.
The results for nitrous oxide and cyclopropane showed a small variance for blood and a large one for muscle compared to those for the other tissues; such differences were not evident in the present results except that the variance for the corrected blood/gas coefficients was small (appendix).
Tissue/blood coefficients influence the speed of equilibration of a tissue with the arterial tension, higher coefficients giving slower equilibration. It is notable that all the tissue/blood coefficients in table II are significantly greater than unity except those for muscle.
Since the confidence limits of the population of uncorrected tissue/blood coefficients are only slightly closer than those for tissue/gas coefficients, the suggestion made earlier in this paper that measurement of the blood/gas coefficient in an individual might provide a worthwhile guide to the tissue/gas coefficient is not verified to any useful extent.
Unlike the study with nitrous oxide and cyclopropane this investigation yielded an estimate of the variation between adjacent portions (1 to 2 ml) of apparently homogeneous tissue. The magnitude of the variation is remarkably wide (see above) and suggests that, in order to obtain a reliable coefficient for a given organ in a given animal, measurements should be made on a large sample, if not the whole organ. It is shown in the statistical appendix that this variation between samples contributed little or nothing to the variation between individuals shown in table II.
Comparison with the results of other workers.
Variation between individuals. There is very little information available on this source of variation. For instance, Han and Helrich (1966) give only mean values; Laasberg and Hedley-Whyte (1970) give only means and standard errors of the means, and, although Larson, Eger and Severinghaus (1962) refer to means and standard deviations, it is evident that these refer to experimental error and not to variation between individuals: samples from different individuals were first pooled before performing repeat determinations on the collective sample.
On the other hand, Wortley and associates (1968) give a histogram of blood/gas solubility coefficients for 33 surgical patients and from their data we have calculated the 95 per cent confidence limits for the variation between individuals to be +17 per cent of their mean of 2.3. These limits are closer than those of -24 per cent to +32 per cent for the rabbits (table II) . Therefore, as with nitrous oxide, it appears that the rabbit may be more variable than man even though, in the present study with halothane, a more homogeneous strain of rabbit was used.
The complex effects of proteins on the solubility of halothane have been discussed recently by Laasberg and Hedley-Whyte (1970) . Han and Helrich (1966) and Cowles, Borgstedt and Gillies (1971) give equations for the regression of halothane solubility in blood on haemoglobin concentration which are similar to each other but are somewhat in conflict with the data of Laasberg and Hedley-Whyte. If these equations are valid they could be useful in predicting blood solubility coefficients for individuals, Lowe, 1968; (11) Lowe and Hagler, 1969; (12) Okuda, 1968. although there would still be a considerable uncertainty if Laasberg and Hedley-Whyte are correct in attributing greater importance to the albumin-globulin ratio. Furthermore the possibility of changes of solubility coefficient consequent upon the infusion of liquids into the circulation must be borne in mind.
Variation between tissues and species. More information is available about mean solubilities in various fluids and in the tissues of various species. Table III gives the means of the present results and those of other workers. Since most determinations have been made at 37 °C all data for other temperatures (including our own) have been corrected by using the temperature coefficient of -4.6%/°C derivable from Eger, Saidman and Brandstater (1965) .
The smaller solubility of halothane in saline and Krebs-Henseleit solution than in water is doubtless a reflection of the salting-out effect of electrolytes.
There is some evidence of deviation from Henry's law: the data of Saidman and associates (1966), (ref. 4 table III) indicates an increase in the solubility of halothane in water with an increase in concentration. However, the effect appears to be small and most of the concentrations used in determining the solubilities in table III were within a narrow range.
The tissue values found by Lowe (1968) for man and Lowe and Hagler (1969) for man and calf are not included in table III because the measurements were made on very small samples, up to 25 /A, drawn apparently from single individuals. Therefore, although the values generally differ from those given in table III, this is likely to be merely a reflection of variation between adjacent portions of tissue in the same individual and between different individuals.
Some authors have assumed that there is no species variation in partition coefficients for particular tissues, but the data given in table III show that this assumption is not generally justified. Although the coefficients for man and calf appear to be fairly similar, as do the coefficients for whole brain in man and rabbit, the blood coefficients for dog and rabbit and the liver coefficients for the rabbit are all significantly higher than the corresponding human values. Further, the coefficient for kidney in the rabbit is very much higher than in man while that for skeletal muscle is very much lower.
The high muscle/blood coefficient in man (about 3 5 compared with 0.9 in the rabbit) means that the time required for skeletal muscle to equilibrate with a constant arterial tension will be much longer in man than the five hours found adequate (see companion paper) in the rabbit.
CONCLUSIONS
Individual in-vivo partition coefficients for halothane in at least blood, kidney, liver and muscle can be reliably estimated from in-vitro measurements, provided that large samples are used. The coefficients for different tissues are very different from one another and the mean coefficient for a tissue in the rabbit population is a very important guide to the coefficient for that tissue in a particular rabbit. Variation between individuals for a given tissue is less than the variation between tissues but is still considerable except perhaps for blood. It may be marginally less in terms of tissue/blood coefficients and may be smaller in man than in the rabbit. In our experiments the variation of the blood/gas coefficient between individual rabbits was largely attributable to varying degrees of haemodilution.
In man and dog the uncertainty over the blood/ gas coefficient in an individual may be reduced if the haemoglobin concentration or haematocrit is known.
Mean coefficients in one species are not a reliable guide to those in another.
STATISTICAL APPENDIX
Missing values.
For the purpose of the three-way and the two-way breakdown-by-technique analysis of variance gaps on the basic data were filled as explained in the companion paper.
Estimation of the means and probable limits of the partition coefficients. Two-way breakdown-by-technique analyses of variance showed that the in-vivo and in-vitro results were about equally variable and therefore both were used.
Hierarchical analyses of variance for each tissue are summarized in table IV. Before performing these analyses the brain and the heart in-vivo coefficients were corrected by the respective mean vitro-vivo difference as described in the main text. The residual degrees of freedom were therefore reduced by one in each of these two tissues. Application of the Box (1949) (1937) test showed that the residual mean squares were homogeneous (P=0.13) but that the between-animal mean squares were not (P=0.03). The inhomogeneity is due to the low value for brain. Since a similarly low value was not found with either nitrous oxide or cyclopropane (Mapleson, Evans and Flook, 1970) and since the level of significance is not very high it seemed preferable to treat this as a chance event. Therefore, both the residual and the betweenanimal mean squares were pooled for all tissues.
The variance of the mean coefficient for each tissue was then taken as the sum of, firstly, the experimentalerror variance estimate (which equals the pooled residual mean square) divided by the number of measurements used in deriving the mean and, secondly, the betweenanimal variance estimate (which equals the difference between the pooled between-animal and pooled residual mean squares divided by the mean number of measurements per animal) divided by the number of animals used. The number of degrees of freedom was taken as the sum of those of the two variance estimates. In assessing the range of values likely to be found in individuals of the species the between-animal variance estimate alone was used. This could not be done with the corrected blood/gas coefficients because the between-animal mean square was less than the residual mean square. Therefore all that can be said of the 95 per cent confidence limits of the population of corrected blood/gas coefficients is that they are close to the mean.
For tissue/blood coefficients individual values were determined by dividing each tissue/gas coefficient by the corresponding blood/gas coefficient for the same technique in the same animal. Means and confidence limits were then determined as for the tissue/gas coefficients.
Effects of variation between individual 1-to 2-ml samples
of tissue on the estimate of between-animal variation. In the case of brain and blood the in-vivo and in-vitro samples were removed from the animal separately; therefore any variation between individual samples would contribute to the experimental error and hence not to the calculated between-animal variation. In the case of liver the in-vivo and in-vitro samples came from a mixture of fragments of a single 20-ml sample. Therefore variation between such samples would not contribute to experimental error but would contribute to the calculated between-animal variation. However, variation between 20-ml samples of an 80-ml liver would be much less than the +20 per cent variation found between 1-to 2-ml samples, and therefore the contribution to the betweenanimal variation, of +32% -24%, would be small. In the case of heart and kidney the whole organ was sampled and mixed so that variation between samples does not arise. Similarly a complete muscle was sampled; therefore the between-animal variation of +32%-24% is an unbiased estimate of the variation between animals for the coefficient for that particular muscle although it may be an overestimate of the variation between animals for the mean coefficient of all muscles. 
LA VARIABILITE DES COEFFICIENTS DE
LA VARIABILIDAD DE LOS COEFICIENTES DE PARTICION PARA HALOTANO EN EL CONEJO
RESUMEN
Fueron determinados los coeficientes de partici6n para halotano en diversos tejidos de conejos despues de aproximadamente cinco horas de anestesia. Despues de corregir el descenso en el hematocrito, que ocurri6 durante los experimentos, el coeficiente medio sangre/gas fue de 3,94. Exceptuando en el caso del musculo esqueletico, los coeficientes tejido/sangre eran significativamente diferentes de la unidad: cerebro 1,55; coraz6n 2,74; ririon 1,75 e higado 2,26. Las diferencias entre los tejidos eran muy significativas. Las diferencias entre animates eran grandes, pero en su mayoria no sistematicas. Los limites del 95 por ciento de confianza para los coeficientes tejido/gas en la poblacion fueron de + 32 por ciento -24 por ciento. Tambien hubo variation entre muestras individuales de 1 hasta 2 ml del mismo tejido: los limites del 95 por ciento de confianza para tales muestras fueron de +20 por ciento de la media para el higado y ±50 por ciento de la media para el corazdn, ririon y musculo.
